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windowed chamber (300 mm dia. xl200 mm long) with the burner directed vertically upward along the 
chamber axis. Flame shapes were found from dark field photographs. Test conditions involved acetylene, 
propylene and 1 - 3 butadiene as fuels in coflowing air with air/fuel velocity ratios of 0.2-32, jet exit 
Reynolds numbers of 18-121 and ambient pressures of 19-50 kPa. 

Theoretical Methods. The objective of analysis was to develop a convenient way to correlate flame 
shape measurements; thus, a set of easily used equations was sought along with recommendations for 
selecting properties appearing in these equation as opposed to more complete methods that would require 
computer solution. The major assumptions are similar to Lin et al. [4], as follows: (1) steady round laminar 
jet diffusion flame in an unbounded coflowing gas; (2) effects of buoyancy and potential energy changes 
small; (3) small Mach numbers so that viscous dissipation and kinetic energy changes can be ignored; (4) 
flame has a large aspect ratio so that streamwise diffusion can be ignored; (5) for the same reasons, the 
solution of the governing equations can be approximated by far-field (integral invariant) conditions; (6) all 
chemical reactions occur in a thin flame sheet; (7) mass (all species), momentum and energy diffusivities 
are the same; (8) constant thermophysical and transport properties; and (9) effects of radiation are small. 
Solution of the governing equations is illustrated by Malingham et al. [14] and Schlichting [15], The flame 
length, L f , relative to a virtual origin, L 0 , normalized by the fuel port diameter, d, becomes: 

(L f - L„ )/d = C f Re Sc /(16 Z„ ) (1) 

where C ( is an empirical coefficient to correct for soot luminosity. Re is the burner Reynolds number, Sc is 
the Schmidt number and Z„ is the stoichiometric mixture fraction. The corresponding expression for the 
luminous flame diameter, w, becomes 


w/d = ( -g (u f 0 /u, „ ) In { g }/Z„ ) l/2 (2) 

where 

g = (x-L 0 )/( L, - L 0 ) (3) 

and Ufj, and u L0 are the initial fuel and air stream velocities. Notably, the present results agree with Burke 
and Schumann [2] and Malingham et al. [14] for the limiting condition where initial fuel and air velocities 
are the same and as the diameter of the outer stream becomes large. 

Results and Discussion. Measured and predicted flame lengths in coflowing and still air are plotted 
in Fig. 1 . All the measurements are plotted as suggested by the simplified theories of flames in coflowing 
and still air. Properties are obtained from Braun et al. [16]. Values of Sc and the mean molecular viscosity 
used to compute Re were based on the properties of air at the mean flame temperature from Braun et al. 
[16]. The results in Fig. 1 for flames in still gases from the space based LSP experiments yield an excellent 
correlation with C, = 1.13; these lengths are roughly twice as long as the measurements of Sunderland et al. 
[8] for soot free flames which is quite reasonable based on the soot-luminosity/stoichiometric-flame-length 
ratios mentioned earlier. The present measurements of luminous flames for u, 0 / u f-0 >1 also yield a good 
correlation in terms of Eq. (1) with C r = 1.05. this implies L f (still air)/L f (coflow) = 3/2, independent of u 10 
/tifo and Re in accord with the simplified theories. Finally, present results for small coflow velocities, u M / u f0 
< 0.5, also crudely agree with the no coflow correlation but yield slightly shorter flames due to enhanced 
mixing from coflow. 

Flame diameters at the flame halflength, w 1/2 , are plotted as suggested by the theory, Eq. (2), in Fig. 
2. The agreement between measurements and predictions is seen to progressively improve as the normalized 
flame length increases and the flames better approximate the far-field assumptions of the theory. These 
results imply that w l/2 progressively decreases as the coflow velocity increases. 

Finally, some typical measured and predicted flame shapes are illustrated in Fig. 3 for acetylene 
flames having progressively increasing u, 0 / u (0 and progressively decreasing jet exit Reynolds numbers. It 
is evident that the simplified theory does an excellent job of estimating the variations of flame length and 
lame shape in the region not too close to the burner exit. The latter deficiency is expected, however, as a 
imitation of the far-field assumptions of the analysis. In view of the simplifications of the theories, and the 
potential complexities of soot luminosity in diffusion flames, the simplified models of flame shapes in still 
and coflowing air exhibit remarkably good performance. 
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Fig. 1 Luminous flame lengths of jet diffusion flames in still and coflowing air. 
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Fig. 2 Luminous flame diameters of coflowing jet diffusion flames. 
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